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ABSTRACT 
The total pyrrolidone carboxylic acid (PCA) and free amino acid concentration was 
determined in epidermis of five mammalian species, as well as in other tissues and body 
fluids of albino guinea pigs. PCA was found to be a major soluble nitrogen compound in 
epidermis of all species studied with concentrations of 186, 50, 31, 21, and 19 ,umoles/gm wet 
wt in guinea pig, human, dog, rat, and mouse, respectively. Much lower levels of PCA (2-4 
,umole/gm wet wt) were present in guinea-pig kidney, liver, pancreas, spleen, intestine, and 
brain. Guinea-pig red blood cells contained about 0.8 ,umole PCA/gm and plasma about 0.3 
,umole/ml. Optical rotatory dispersion studies on purified PCA isolated from albino 
guinea-pig epidermis showed it to be the "L" isomer. The possible origins of epidermal PCA 
are discussed. 
In a previous report from this laboratory [1] 
pyrrolidone carboxylic acid (PCA) was shown to 
be the major soluble nitrogen compound in albino 
guinea-pig epidermis. A relatively high concentra-
tion of PCA has also been found in extracts from 
human skin scrapings [2 ]. Before proceeding with 
a study of the possible origins of PCA, it was of 
interest to determine whether this compound was 
also present in high concentration in epidermis of 
other animals, as well as other tissues of the 
guinea pig. D-PCA has been reported in urine [3 ], 
however the isomeric nature of epidermal PCA 
has not been determined. To clarify this point we 
measured the optical rotatory dispersion of PCA 
isolated from guinea-pig epidermis. Our findings 
also impose some limits on the likely precursors of 
epidermal PCA. 
MATERIALS AND METHODS 
Adult male albino guinea pigs (750-950 gm) were 
maintained on Purina guinea-pig chow, supplemented 
with lettuce leaves twice a week. Adult albino rats and 
mice were obtained from colonies maintained in our 
research laboratories. Animals were killed by exposure 
to ether vapor in a small saturated chamber. Immedi-
ately after death, the hair was clipped, the skin was 
removed, and the epidermis scraped from the stretched 
skin as previously described [1 ]. Human autopsy skin 
specimens were obtained from the Department of Pa-
thology and fresh dog skin was a gift from Mr. Wagnon of 
our Research Surgery Laboratories; epidermis was 
scraped from these samples as above. Internal organs 
were rapidly removed from freshly sacrificed guinea 
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pigs, rinsed with ice-cold saline, blotted and either 
frozen or homogenized immediately. Fresh-frozen organs 
purchased from Pel-Freez Biologicals, Inc., Rogers, Ar-
kansas, or Rockland, Gilbertsville, Pennsylvania, were 
homogenized immediately upon thawing. Straw-colored 
guinea-pig plasma was either purchased from Animal 
B!ood Centre, Syracuse, New York, or prepared from 
fresh blood which was either drawn by cardiac puncture 
or purchased from Huntingdon Farms, Inc., West Con-
shohocken, Pennsylvania. Blood cells remaining after 
the preparation of plasma were washed three times by 
resuspension in 0.15 M NaCl and centrifugation. 
Washed blood cells were disrupted by freezing and 
thawing three or four times. 
Preparation of homogenates and amino acid analysis. 
Tissue samples were homogenized in cold 0.3 M HCl0 4 
and centrifuged at 10,000 g for 15 min at 4 o C. The 
supernatant solutions were adjusted to pH 4.5 with 
KOH and centrifuged 5 min to remove the KCl0 4 
precipitate. Some homogenates were also prepared in 
2.5% or 5% trichloroacetic acid. Aliquots of the superna-
tant solutions were analyzed for total free amino acids 
by the colorimetric ninhydrin method [4 ]. Plasma or 
disrupted red cell preparations were deproteinized either 
by precipitation with HCl0 4 as above or by ultrafiltra-
tion with a Diaflo PM-10 membrane (Amicon Corp., 
Lexington, Mass.). Aliquots of filtrates or supernatant 
solutions were analyzed for total free amino acids as 
above, with the remainder being freeze-dried and dis-
solved in 10 percent of the original extract volume for 
PCA analysis. 
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Analysis of free PCA. The deproteinized supernatant 
solutions of tissue extracts or concentrates were pipetted 
onto Bio.Rad AG 50W-X8 (H+) columns of appropriate 
size (1 em i.d. x 15 em for smaller samples or 2.5 em i.d. 
x 35 em for extracts from greater than 3 gm of tissue). 
The free amino acids in the extracts are adsorbed to the 
resin, while the PCA, which is not adsorbed, was washed 
off with about two bed volumes of deionized water. The 
concentration of PCA in the solutions washed from the 
ion exchange columns or their concentrates was deter-
mined by hydrolyzing aliquots of these solutions at 100° 
C for 60-90 min in 1N HCl, and measuring the glutamic 
acid formed by the ninhydrin method [4 ]. Standard 
PCA was quantitatively recovered from the resin col-
umns in tests of this assay. 
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This procedure is not specific for PCA, since com-
pounds such as acetyl-amino acids can interfere. We had 
previously shown that only glutamic acid increases 
dramatically in concentration when epidermal extracts 
are hydrolyzed with 1N HCl [1 ]. This limits the interfer-
ence to derivatives of glutamic acid (N-acetyl-glutamic 
acid, etc.). The following studies satisfied us that these 
possible interfering compounds were not present in the 
Bio. Rad AG 50W -X8 washings of guinea-pig, huma1;1 , or 
rat epidermal extracts. Ascending paper chromatogra-
phy (Whatman #1 with butanol-water-acetic add 
[40: 25: 15] as solvent) of 10- to 20-fold concentrated 
Bio. Rad AG 50W-X8 washes revealed only one major 
component reacting with the peptide bond reagent of 
Rydon and Smith [5 ]; this compound had the same 
mobility (Rr = 0.63) as PCA, N-acetyl-glutamic acid (Rr 
= 0.70) was not detected in any of the chromatograms. 
The washings from Bio. Rad AG 50W -X8 after 1N HC! 
hydrolysis gave only one ninhydrin-positive spot with an 
Rr of 0.37 identical with that of standard glutamic acid. 
Paper chromatography of mixtures of concentrated epi-
dermal PCA from the AG 50W columns and standard 
PCA or 1N HCl hydrolyzed epidermal PCA extract and 
standard glutamic acid gave only one spot. The rate of 
1N HCl hydrolysis of standard PCA and PCA from 
epidermal extracts was identical, with 59 percent being 
hydrolyzed in 30 min and 100 percent in 60 min. 
N -acetyl-glutamic acid had a much slower hydrolysis 
rate with 38 percent being hydrolyzed in 30 min and 66 
percent in 60 min. 
Optical rotatory dispersion . Epidermal PCA extracts 
were prepared as above using HCl0 4 for deproteiniza-
tion. Some solutions from the Bio. Rad AG 50W -X8 
columns were stirred with acid-washed charcoal 
(Darco-60) and filtered to remove extraneous UV-absorb-
ing material; however, this was found to be unnecessary, 
since untreated solutions gave the same curves as 
treated ones . Rotatory dispersion curves were measured 
with a Model ORD/UV-5 spectropolarimeter (Japan 
Spectroscopic Company, Ltd.) over the range 320 to 210 
nm. Full scale was 0.05° for samples of less than 2 
J..Lmole/ml and 0.1 o for samples of between 2 and 5 
J..Lmole/ml. The purified epidermal PCA preparations 
were dissolved in water and adjusted to pH 3 with dilute 
HCl0 4 • Cylindrical cells with quartz windows having a 
path length of 5 mm were used . The dispersion curves of 
solutions of chromatographically pure L-PCA ([a ]n = 
- 10.7°, c = 4 in water) and N-acetyl-L-glutamic acid 
purchased from Mann Research Laboratories, New 
York, N. Y. , were recorded under similar conditions. 
RESULTS 
PCA and total free amino acid concentration in 
epidermis from various species. Table I compares 
the PCA and total free amino acid content in 
epidermis of five species. Guinea-pig epidermis 
contains appreciably more PCA and total free 
amino acids than epidermis of any of the other 
species. While the very high PCA concentration in 
guinea-pig epidermis ( 1 1 of total soluble organic 
nitrogen) is not found in epidermis of other 
species: their epidermal PCA concentration is still 
high, similar to the concentration of a major free 
amino acid such as glycine [1]. Among the human 
autopsy specimens, there was considerable varia-
tion in both total epidermal free amino acids and 
PCA, however, their ratio remained relatively 
TABLE I 
Concentration of total free amino acids and PCA in 
mammalian epidermis 
Amino acids PCA 
Species ~mole/gm wet ~mole/gm wet 
wt* wt* 
Guinea Pig 338 ± 33 186.0 ± 8.4 
Human 200 ± 86 44.9 ± 15.7 
Dog 183 ± 43 30.9 ± 8.4 
Rat 113±4 21.3 ± 1.7 
Mouse 110±7 19.0 ± 8.2 
* Average of data from 3 to 5 animals ± standard 
error, except the mouse where it was necessary to 
combine the epidermis from 20 animals into 3 pooled 
samples to obtain sufficient material for analysis. 
constant. This variation may, in part , be due to 
differences in pre-autopsy preparation. 
Optical rotatory dispersion of epidermal PCA. 
Rotatory dispersion measurements of both stan-
dard L-PCA and purified PCA extracted from 
guinea-pig epidermis (Fig.) gave positive Cotton 
effect curves with a peak at 225 nm (molecular 
rotation = [cf>] = +5326). Because of the charac-
teristics of the spectropolarimeter, we were unable 
to measure the trough of the Cotton effect and the 
observed .\0 of 215 nm must be considered some-
what tentative. Technical difficulties notwith-
standing, any differences between the curves for 
standard and epidermal PCA are well within 
experimental error, thus indicating that epider-
mal PCA is the L-form. N-acetyl-L-glutamic acid 
gave a curve of similar shape (Amax = 223 nm, .\0 = 
240 and 215 nm) but considerably lower ampli-
tude ( [<l>h23 = +2800). 
Total free amino acids and PCA concentration 
in guinea-pig tissues and body fluids. The PCA 
and free amino acid concentration of other tissues 
is much lower than in epidermis (Table II). The 
ratio of total free amino acids to PCA is greatly 
shifted in favor of amino acids , making PCA a 
minor component of the total soluble organic 
nitrogen compounds. Blood cells, primarily RBCs, 
contain more than half the free amino acids and 
PCA in whole blood, although they make up only 
about 42 percent of the total volume [6 ]; thus , if 
care is not taken to avoid hemolysis during 
preparation of plasma, deceptively high values for 
free amino acids and PCA concentration will be 
obtained. 
DISCUSSION 
The presence of relatively high concentrations 
of PCA in guinea-pig and human epidermis has 
been known for many years [1, 2 ]. Our data show 
that PCA is also a major soluble nitrogen com-
pound in the epidermis of several other species . 
While PCA can be detected throughout the body, 
its concentration is very low in all tissues except 
epidermis. PCA concentration in brain is twice 
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FIG. Optical rotatory dispersion curve of standard 
L-PCA (D) and PCA isolated from guinea-pig epidermis 
(0) . 
that of other internal organs. This is especially 
interesting in light of the recently reported finding 
of a mentally retarded patient who excreted large 
quantities of PCA [7] and the importance of 
glutamine and glutamic acid in brain metabolism. 
The presence of PCA in mammalian epidermis 
raises the question of its origin. We have been 
considering the following possible origins of epi-
dermal PCA: (1) spontaneous (nonenzymic) cycli-
zation of glutamate or glutamine to PCA; (2) PCA 
as a product of microbial metabolism on the skin 
surface; (3) accumulation of PCA from the 
plasma; ( 4) enzymatic formation of PCA from D- or 
L-glutamic acid, glutamine, pyrrolidonyl and y-
glutamyl peptides. Experiments to date indicate 
that the first two possibilities, as well as en-
zymatic synthesis of PCA from D-glutamic acid 
can be eliminated. Spontaneous formation of PCA 
from glutamic acid or glutamine is a slow process 
under physiologic conditions, and no detectable 
PCA formation from added glutamate or gluta-
mine occurred within 1 hr in the presence of 
heated epidermal homogenates. Microbial metab-
olism on the skin surface cannot be an important 
source of PCA since there is a relatively high level 
of PCA in germ-free guinea-pig epidermis [1 ]. 
Since epidermal PCA is the L-isomer, formation 
of PCA from D-glutamic acid [8] cannot be of 
physiologic significance in epidermis. 
The free amino acid concentration in epidermis 
is 140 times greater than that of plasma (Tables I 
and II and Ref. 1). While there is a relatively low 
TABLE II 
Concentration of PCA and total free amino acids in 
guinea-pig tissues and body fluids 
Tissue Amino acids PCA ~mole/gm wet wt* ~mole/gm wet wt* 
Liver 69.0 ± 5.7 2.10 ± 0.65 
Spleen 79.8 ± 11.0 1.93 ± 0.86 
Pancreas 40.1 ± 1.9 1.88 ± 0.56 
Kidney 60.5 ± 2.7 1.60 ± 0.62 
Intestinet 33.4 ± 3.2 1.65 ± 0.23 
Brain 29.8 ± 2.0 4.06 ± 0.37 
Blood Cells 5.8 ± 1.4 0.77 ± 0.24 
Fluid ~mole/100 ml ~mole/100 ml 
Whole Blood:j: 410 ± 98 53.1 ± 21.5 
Plasma 247 ± 32 31.2 ± 10.1 
* Average of data from 3 to 5 animals ± standard error 
t The PCA and free amino acid concentration of 
isolated mucosal lining was about one-third greater than 
that of whole intestine. 
:j: Values for whole blood were calculated from a 
combination of plasma and cell data using a value of 
1.09 for the specific gravity of cells. 
concentration of PCA in plasma (Table II), if it is 
concentrated in epidermis to the same extent as 
the free amino acids, one would expect to find 42 
,umole PCA/gm epidermis. The actual PCA con-
centration in guinea-pig epidermis is 186 
,umole/gm (Table I); thus, it appears unlikely that 
accumulation from the plasma alone could ac-
count for the high PCA concentration in guinea-
pig epidermis. We favor the view that the major 
source of epidermal PCA is the result of enzymatic 
activity in this tissue. 
Several enzymes have been described which 
catalyze the formation of PCA from various y-
glutamyl peptides, L-glutamine, L-glutamic acid, 
and pyrrolidonyl peptides [9 ]. Kidney and liver 
are rich sources of these enzymes but, as is seen in 
Table II, these tissues contain very low concentra-
tions of PCA. Regarding the latter, there is 
evidence that PCA formed in kidney and liver can 
be enzymatically converted to glutamic acid by 
these tissues [10 ]. Very little is known about the 
activity of these enzymes in epidermis and they 
are currently under investigation in our laboratory 
[11]. 
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